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METHOD AND APPARATUS FOR
FACILITATING SIMULTANEOUS
TRANSMISSION FROM MULTIPLE
STATIONS

CROSS-REFERENCES TO RELATED
APPLICATION

The present application is a continuation of U.S. applica-
tion Ser. No. 12/963,053, filed Dec. 8, 2010, entitled “Method
and Apparatus for Facilitating Simultaneous Transmission
from Multiple Stations,” which claims the benefit of U.S.
Provisional Patent Application No. 61/285,114, entitled
“Uplink SDMA Supports,” filed on Dec. 9, 2009, both of
which are hereby incorporated by reference herein in their
entireties.

FIELD OF TECHNOLOGY

The present disclosure relates generally to communication
systems and, more particularly, to wireless networks.

BACKGROUND

The background description provided herein is for the pur-
pose of generally presenting the context of the disclosure.
Work of the presently named inventors, to the extent it is
described in this background section, as well as aspects of the
description that may not otherwise qualify as prior art at the
time of filing, are neither expressly nor impliedly admitted as
prior art against the present disclosure.

Wireless local area network (WLAN) technology has
evolved rapidly over the past decade. Development of WLAN
standards such as the Institute for Electrical and Electronics
Engineers (IEEE) 802.11a, 802.11b, 802.11g, and 802.11n
Standards has improved single-user peak data throughput.
For example, the IEEE 802.11b Standard specifies a single-
user peak throughput of 11 megabits per second (Mbps), the
IEEE 802.11a and 802.11g Standards specify a single-user
peak throughput of 54 Mbps, and the IEEE 802.11n Standard
specifies a single-user peak throughput of 600 Mbps. Work
has begun on anew standard, IEEE 802.11ac, that promises to
provide even greater throughput.

SUMMARY

In an embodiment, a method comprises determining that
each first communication device in a plurality of first com-
munication devices has respective data to be transmitted to a
second communication device, and transmitting a request to
the plurality of first communication devices to transmit data
to the second communication device simultaneously during a
transmit opportunity period of the second communication
device. The method also comprises receiving, at the second
communication device, data simultaneously transmitted by
the plurality of first communication devices during the trans-
mit opportunity period of the second communication device.
In another embodiment, a network interface is configured to
perform the acts of the method described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a block diagram of an example wireless local area
network (WLAN) communication system in which an access
point (AP) prompts the client stations (clients) to simulta-
neously transmit independent data during a transmit oppor-
tunity period (TXOP) of the AP.
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FIG. 2 is adiagram of an example transmission sequence in
a WLAN, according to an embodiment.

FIGS. 3A and 3B are diagrams of other example transmis-
sion sequences in a WLAN, according to other embodiments.

FIGS. 4A and 4B are diagrams of other example transmis-
sion sequences in a WLAN, according to other embodiments.

FIGS. 5A and 5B are diagrams of other example transmis-
sion sequences in a WLAN, according to other embodiments.

FIG. 6 is a diagram of another example transmission
sequence in a WL AN, according to an embodiment.

FIGS. 7A and 7B are diagrams of other example transmis-
sion sequences in a WLAN, according to other embodiments.

FIG. 8 is a diagram of another example transmission
sequence in a WL AN, according to an embodiment.

FIG. 9 is a diagram of another example transmission
sequence in a WL AN, according to an embodiment.

FIG. 10 is a diagram of another example transmission
sequence in a WL AN, according to an embodiment.

FIG. 11 is a flow diagram of an example method for
prompting and receiving independent data simultaneously
transmitted by a plurality of client stations.

DETAILED DESCRIPTION

In embodiments described below, a first communication
device, such as an access point (AP) of a wireless local area
network (WLAN), simultaneously receives multiple inde-
pendent data streams from multiple second communication
devices, such as client stations. The first communication
device determines that the second communication devices
have data to transmit to the first communication device. Then,
the first communication device prompts the second commu-
nication devices to simultaneously transmit the data streams
during a transmit opportunity period (TXOP) of the first
communication device. In an embodiment, a TXOP is a
bounded time interval reserved for a communication device
in a network during which the communication device can
send as many frames as possible (as long as the duration of the
transmissions does not extend beyond the TXOP). In an
embodiment, other communication devices are generally not
permitted to transmit in the TXOP unless the communication
device that owns the TXOP specifically permits the other
communication device to transmit or unless the other com-
munication device is acknowledging a transmission of the
communication device that owns the TXOP.

FIG. 11is ablock diagram of an example wireless local area
network (WLAN) 10, according to an embodiment. An AP 14
includes a host processor 15 coupled to a network interface
16. The network interface 16 includes a medium access con-
trol (MAC) processing unit 18 and a physical layer (PHY)
processing unit 20. The PHY processing unit 20 includes a
plurality of transceivers 21, and the transceivers are coupled
to a plurality of antennas 24. Although three transceivers 21
and three antennas 24 are illustrated in FIG. 1, the AP 14 can
include different numbers (e.g., 1, 2, 4, 5, etc.) of transceivers
21 and antennas 24 in other embodiments.

The WLAN 10 includes a plurality of client stations 25.
Although four client stations 25 are illustrated in FIG. 1, the
WLAN 10 can include different numbers (e.g., 1, 2,3, 5, 6,
etc.) of client stations 25 in various scenarios and embodi-
ments. In some embodiments, the AP 14 is configured to
transmit independent data to two or more of the client stations
25 simultaneously. In other embodiments, the AP 14 is con-
figured, additionally or alternatively, to receive respective
data streams that are transmitted simultaneously by the two or
more client stations 25. For example, in one embodiment, the
network interface 16 is configured to transmit independent
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data simultaneously to multiple client stations 25 via multiple
spatial streams using techniques described in U.S. patent
application Ser. No. 12/175,526, entitled “Access Point with
Simultaneous Downlink Transmission of Independent Data
for Multiple Client Stations,” filed on Jul. 18, 2008, which is
hereby incorporated by reference. As another example, in
another embodiment, the network interface 16, additionally
or alternatively, is configured to receive independent data
streams transmitted simultaneously by multiple client sta-
tions 25 via different spatial streams using techniques
described in U.S. patent application Ser. No. 12/175,501,
entitled “Wireless Network with Simultaneous Uplink Trans-
mission of Independent Data from Multiple Client Stations,”
filed on Jul. 18, 2008, which is hereby incorporated by refer-
ence.

As another example, in another embodiment, the network
interface 16, additionally or alternatively, is configured to
transmit independent data simultaneously to multiple client
stations 25 via different respective sets of orthogonal fre-
quency division multiplexing (OFDM) subchannels using
techniques described in U.S. patent application Ser. No.
12/730,651, entitled “OFDMA with Block Tone Assignment
for WLAN,” filed on Mar. 24, 2010, which is hereby incor-
porated by reference. As another example, in another embodi-
ment, the network interface 16, additionally or alternatively,
is configured to receive independent data streams transmitted
simultaneously by multiple client stations 25 via different
respective sets of OFDM subchannels using techniques
described in U.S. patent application Ser. No. 12/730,651.

A client station 25-1 includes a host processor 26 coupled
to a network interface 27. The network interface 27 includes
a MAC processing unit 28 and a PHY processing unit 29. The
PHY processing unit 29 includes a plurality of transceivers
30, and the transceivers are coupled to a plurality of antennas
34. Although three transceivers 30 and three antennas 34 are
illustrated in FIG. 1, the client station 25-1 can include dif-
ferent numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 30 and
antennas 34 in other embodiments.

In an embodiment, one or more of the client stations 25-2,
25-3, and 25-4 has a structure the same as or similar to the
client station 25-1. In these embodiments, the client stations
25 structured like the client station 25-1 have the same or a
different number of transceivers and antennas. For example,
the client station 25-2 has only two transceivers and two
antennas, according to an embodiment.

In some embodiments, two or more of the client stations 25
are configured to receive respective data streams that are
transmitted simultaneously by the AP 14. In other embodi-
ments, two or more of the client stations 25 additionally or
alternatively are configured to transmit corresponding data
streams to the AP 14 such that the AP 14 receives the data
streams simultaneously. For example, in one embodiment,
the network interface 27 is configured to receive a data stream
among a plurality of independent data streams transmitted
simultaneously by the AP 14 to multiple client stations 25 via
multiple spatial streams using techniques described in U.S.
patent application Ser. No. 12/175,526. As another example,
in another embodiment, the network interface 27, addition-
ally or alternatively, is configured to receive a data stream
among a plurality of independent data streams transmitted
simultaneously by the AP 14 to multiple client stations 25 via
different respective sets of OFDM subchannels using tech-
niques described in U.S. patent application Ser. No. 12/730,
651.

As another example, in another embodiment, the network
interface 27, additionally or alternatively, is configured to
transmit a data stream to the AP 14 among a plurality of
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independent data streams transmitted simultaneously by mul-
tiple client stations 25 via different spatial streams using
techniques described in U.S. patent application Ser. No.
12/175,501. As another example, in another embodiment, the
network interface 27, additionally or alternatively, is config-
ured to transmit a data stream to the AP 14 among a plurality
of independent data streams transmitted simultaneously by
multiple client stations 25 via different respective sets of
OFDM subchannels using techniques described in U.S.
patent application Ser. No. 12/730,651.

FIG. 2 is a diagram of an example transmission sequence
100 in a WLAN, such as the WLAN 10 of FIG. 1, according
to an embodiment, in which an AP determines that a plurality
of client stations have data that is to be transmitted to an AP.
InaTXOP ofafirst client station (STA1), STA1 transmits one
or more data frames, including a data frame 104. At least the
data frame 104 includes information indicating whether
STA1 has data that is to be transmitted to the AP. In an
embodiment, the information indicating whether STA1 has
data that is to be transmitted to the AP is an indication of an
amount of data in a queue corresponding to data that is to be
transmitted to the AP. In an embodiment, the indication of the
amount of data in the queue is field in a MAC header of the
data frame 104. In an embodiment, the indication of the
amount of data in the queue is subfield in a quality of service
(QoS) field of the MAC header. In an embodiment, the queue
corresponds to a particular traffic category. In an embodi-
ment, the queue corresponds to a particular traffic stream. In
an embodiment, the queue corresponds to a particular traffic
category or stream. In an embodiment, the queue corresponds
to a particular traffic identifier (TID) such as the TID
described in the IEEE 802.11e Standard.

In an embodiment, at least the last data frame 104 trans-
mitted by STA1 in the TXOP of STA1 includes the informa-
tion indicating whether STA1 has data that is to be transmitted
to the AP. In an embodiment, a certain number (e.g., 1, 2, 3,
etc.) of the last data frames transmitted by STA1 in the TXOP
of STA1 includes the information indicating whether STA1
has data that is to be transmitted to the AP. In an embodiment,
all of the data frames transmitted by STA1 in the TXOP of
STA1 include the information indicating whether STA1 has
data that is to be transmitted to the AP.

Similarly, in a TXOP of a second client station (STA2),
STA2 transmits one or more data frames, including a data
frame 108. At least the data frame 108 includes information
indicating whether STA2 has data that is to be transmitted to
the AP. Similarly, in a TXOP of a third client station (STA3),
STA3 transmits one or more data frames, including a data
frame 112. At least the data frame 112 includes information
indicating whether STA3 has data that is to be transmitted to
the AP.

The AP receives the data frames 104, 108, 112 and/or other
data frames from STA1, STA2, and STA3 that include the
information indicating whether STA1, STA2, and STA3 have
data that is to be transmitted to the AP, and uses this informa-
tion to determine whether STA1, STA2, and STA3 have data
that is to be transmitted to the AP. In the scenario illustrated in
FIG. 2, the AP determines that STA1, STA2, and STA3 have
data that is to be transmitted to the AP. As a result, the AP
generates and transmits a communication frame that prompts
STA1, STA2, and STA3 to transmit independent data simul-
taneously to the AP during a TXOP of'the AP. In one embodi-
ment, the AP generates and transmits a communication frame
that prompts STA1, STA2, and STAS3 to transmit independent
data simultaneously to the AP via different spatial streams. In
one embodiment, the AP generates and transmits an uplink
(UL) spatial division multiple access (SDMA) synchroniza-
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tion communication frame (UL SDMA Sync frame) 116 to
prompt STA1, STA2, and STA3 to transmit independent data
simultaneously to the AP via different respective sets of spa-
tial streams. In another embodiment, the AP generates and
transmits a communication frame that prompts STA1, STA2,
and STA3 to transmit independent data simultaneously to the
AP via different respective sets of OFDM subchannels. The
communication frame that prompts STA1, STA2, and STA3
to transmit independent data simultaneously to the AP will be
discussed in more detail below.

In an embodiment in which STA1, STA2, and STA3 each
transmit to the AP information indicating an amount of data in
a queue that corresponds to a particular traffic category, traffic
stream, or TID, the AP generates the communication frame
116 to prompt STA1, STA2, and STA3 to transmit data that
corresponds to the particular traffic category, traffic stream, or
TID. In an embodiment, the AP obtains a TXOP based on
channel access parameters associated with a certain traffic
category, traffic stream, or TID. In other words, each TXOP
obtained by the AP is associated with a corresponding certain
traffic category, traffic stream, or TID (e.g., a first TID). In an
embodiment, during a TXOP, the AP prompts STAs to trans-
mit data corresponding to the first TID. On the other hand, in
some scenarios, not all STAs or even one STA has data cor-
responding to the first TID that is to be sent to the AP. In such
scenarios, in an embodiment, the AP polls STAs that do not
have data corresponding to the first TID to transmit to the AP
information indicating an amount of data in a queue that
corresponds to a second TID. Then, the AP generates a com-
munication frame similar to frame 116 to prompt STAs to
transmit data that corresponds to the first TID or the second
TID. In other embodiments, the AP polls STAs to transmit to
the AP information indicating an amount of data in a queue
that corresponds to a plurality of TIDs or all TIDs.

Inresponse to the communication frame 116, STA1, STA2,
and STA3 transmit independent data simultaneously to the
AP during the TXOP of the AP. For example, in an embodi-
ment, STA1, STA2, and STA3 generate and transmit one or
more UL SDMA transmissions 120 via different spatial
streams. In another embodiment, STA1, STA2, and STA3
generate and transmit independent data simultaneously to the
AP via different respective sets of OFDM subchannels. In an
embodiment, the UL SDMA transmissions 120 correspond to
a particular traffic category, traffic stream, or TID indicated
by the communication frame 116. In another embodiment,
the UL SDMA transmissions 120 at least includes a traffic
category, traffic stream, or TID associated with the TXOP or
indicated by the communication frame 116 (e.g., the UL-
SDMA transmissions can include data traffic belonging to
more than one TID).

FIG. 3A is a diagram of another example transmission
sequence 150 in a WL AN, such as the WLAN 10 of FIG. 1,
according to another embodiment, in which an AP determines
that a plurality of client stations have data that is to be trans-
mitted to an AP. In a TXOP of the AP, the AP generates and
transmits a plurality of polling communication frames 154 to
a plurality of client stations. Each polling communication
frame 154 includes information that prompts a respective
client station to transmit information indicating whether the
client station has data that is to be transmitted to the AP. In an
embodiment, the polling communication frame 154 includes
a request for the client station to transmit the information
indicating whether the client station has data that is to be
transmitted to the AP. In an embodiment, each polling com-
munication frame 154 prompts the client station to transmit
information indicating an amount of data in a particular traffic
category, traffic stream, or TID that is to be transmitted to the
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AP. In an embodiment, each polling communication frame
154 prompts the client station to transmit information indi-
cating an amount of data in one or more or all traffic catego-
ries, traffic streams, or TIDs that are to be transmitted to the
AP.

In response to each polling communication frame 154, a
respective client station transmits a communication frame
158 to the AP during the TXOP of the AP, where the commu-
nication frame 158 (referred to herein as a feedback frame or
FB frame) includes information indicating whether the client
station has data to be transmitted to the AP. In an embodiment,
the information indicating whether the client station has data
that s to be transmitted to the AP is an indication of an amount
of data in a queue corresponding to data that is to be trans-
mitted to the AP. In an embodiment, the queue corresponds to
a particular traffic category. In an embodiment, the queue
corresponds to a particular traffic stream. In an embodiment,
the queue corresponds to a particular traffic category or
stream. In an embodiment, the queue corresponds to a par-
ticular TID such as the TID described in the IEEE 802.11e
Standard. In an embodiment, the queue corresponds to a
plurality of traffic categories or traffic streams with pending
data. In an embodiment, the queue corresponds to all traffic
categories or traffic streams with pending data. In an embodi-
ment, the queue corresponds to a plurality of TIDs with pend-
ing data. In an embodiment, the queue corresponds to all TIDs
with pending data. In an embodiment, the indication of the
amount of data in the queue is field in a MAC header of the FB
frame 158. In an embodiment, the indication of the amount of
data in the queue is subfield in a QoS field of the MAC header.
In an embodiment, each FB frame 158 indicates an amount of
data in the particular traffic category (or categories), traffic
stream(s), or TID(s) indicated by the polling frame 154.

The AP receives the FB frames 158 that include the infor-
mation indicating whether the client stations have data that is
to be transmitted to the AP, and uses this information to
determine whether the client stations have data that is to be
transmitted to the AP. In the scenario illustrated in FIG. 3A,
the AP determines that multiple client stations have data that
is to be transmitted to the AP. As aresult, the AP generates and
transmits a communication frame 162 that prompts the mul-
tiple client stations to transmit independent data simulta-
neously to the AP during the TXOP of the AP. In one embodi-
ment, the AP generates and transmits a communication frame
162 that prompts the multiple client stations to transmit inde-
pendent data simultaneously to the AP via different spatial
streams. In one embodiment, the AP generates and transmits
an UL SDMA Sync frame 162 to prompt the multiple client
stations to transmit independent data simultaneously to the
AP via different spatial streams. In another embodiment, the
AP generates and transmits a communication frame that
prompts the multiple client stations to transmit independent
data simultaneously to the AP via different respective sets of
OFDM subchannels.

In an embodiment, the AP determines whether the client
stations have data corresponding to the particular traffic cat-
egory (or categories), traffic stream(s), or TID(s) that are to be
transmitted to the AP.

In response to the communication frame 162, the multiple
client stations transmit independent data simultaneously to
the AP during the TXOP of the AP in one or more transmis-
sions 166. For example, in an embodiment, the multiple client
stations generate and transmit one or more UL SDMA trans-
missions 166 via different spatial streams. In another embodi-
ment, the multiple client stations transmit independent data
simultaneously to the AP via different respective sets of
OFDM subchannels.
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In an embodiment, the UL SDMA transmissions 166 cor-
respond to a particular traffic category, traffic stream, or TID
indicated by the communication frame 162. In an embodi-
ment, the UL SDMA transmissions 166 at least include the
traffic category, traffic stream, or TID associated with the
TXOP or indicated by the communication frame 162.

FIG. 3B is a diagram of another example transmission
sequence 180 in a WL AN, such as the WLAN 10 of FIG. 1,
according to another embodiment, in which an AP determines
that a plurality of client stations have data that is to be trans-
mitted to an AP. The transmission sequence 180 is similar to
the transmission sequence 150 of FIG. 3A. In the transmis-
sion sequence 180, however, the AP generates and transmits a
single polling communication frame 184 to a plurality of
client stations. The polling communication frame 184
includes information that prompts each client station in a
plurality of client stations to transmit information indicating
whether the client station has data that is to be transmitted to
the AP. In an embodiment, the polling communication frame
184 includes a request for a group of client stations to transmit
the information indicating whether the client station has data
that is to be transmitted to the AP. In an embodiment, the
polling communication frame 184 prompts each client station
to transmit information indicating an amount of data in a
particular traffic category (or categories), traffic stream(s), or
TID(s) that are to be transmitted to the AP. In an embodiment,
the polling communication frame 184 prompts each client
station to transmit information indicating an amount of data
in all traffic categories, traffic streams, or TIDs that are to be
transmitted to the AP.

In an embodiment, the polling communication frame 184
includes a group identifier (ID) that indicates a group of client
stations. In one embodiment, the AP previously communi-
cates to the client stations which client stations are in the
group corresponding to the group ID. For example, in one
embodiment, the AP previously transmits a group definition
frame that indicates a group ID and also includes a plurality of
association IDs (AIDs) that identify client stations that
belong to the group corresponding to the group ID. Subse-
quently, when the AP transmits the polling communication
frame 184 with the group 1D, the client stations belonging to
the group ID recognize that they are being requested to trans-
mit information indicating whether they have data that is to be
transmitted to the AP. In this embodiment, the order of AIDs
in the group definition frame indicates the order in which the
client stations belonging to the group ID are to transmit the
FB frames 158.

In another embodiment, the polling communication frame
184 includes the group ID and the plurality of AIDs that
identify client stations that belong to the group corresponding
to the group ID. In an embodiment, the order of AIDs in the
group definition frame indicates the order in which the client
stations belonging to the group ID are to transmit the FB
frames 158. In one embodiment, the polling communication
frame 184 is a group definition frame with an indicator (e.g.,
a field, a flag, etc., in a PHY header or a MAC header) that
indicates that client stations in the group corresponding to the
group ID should transmit to the AP information regarding
whether the client stations have data that is to be transmitted
to the AP.

In one embodiment in which the polling communication
frame 184 includes the group ID, the polling communication
frame 184 also includes information (e.g., a bitmap, with each
bit corresponding to a client station in the group) that indi-
cates which stations in the group corresponding to the group
1D are to transmit information indicating whether the client
station has data that is to be transmitted to the AP. For
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example, in an embodiment, a polling communication frame
184 includes a group ID and information indicating a subset
of client stations in the group that are to transmit information
indicating whether there is data that is to be transmitted to the
AP.

In response to the polling communication frame 184, each
client station transmits a FB frame 158 to the AP during the
TXOP of the AP, where the FB frame 158 includes informa-
tion indicating whether the client station has data to be trans-
mitted to the AP.

Inone embodiment, when the multiple client stations trans-
mit independent data simultaneously to the AP during the
TXOP of the AP in one or more transmissions 166, the client
stations disregard a network allocation vector (NAV) in the
communication frame 162 that may, in other scenarios, indi-
cate to a client station that they are not yet permitted to
transmit. When the client stations disregard the NAV, the
client stations can transmit communication frames 166 dur-
ing the TXOP of the AP.

In another embodiment, the communication frame 162
includes a reverse direction grant (RDG) indicator that indi-
cates that the client stations are permitted to transmit com-
munication frames 166 during the TXOP of the AP.

FIG. 4A is a diagram of an example transmission sequence
200 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts a first client
station (STA1) and a second client station (STA2) to transmit
independent data simultaneously to the AP during the TXOP
of the AP.

The AP generates and transmits a communication frame
204 that prompts STA1 and STA2 to transmit independent
data simultaneously to the AP during the TXOP of the AP. In
one embodiment, the AP generates and transmits a commu-
nication frame 204 that prompts STA1 and STA2 to transmit
independent data simultaneously to the AP via different spa-
tial streams. In one embodiment, the AP generates and trans-
mits an UL SDMA Sync frame 204 to prompt STA1 and
STA2 to transmit independent data simultaneously to the AP
via different spatial streams. In another embodiment, the AP
generates and transmits a communication frame that prompts
STA1 and STA2 to transmit independent data simultaneously
to the AP via different respective sets of OFDM subchannels.

In one embodiment, the communication frame 204
includes a duration field (e.g., an UL physical layer protocol
data unit (PPDU) duration field) that indicates a maximum
duration of UL communication frames (e.g., PPDUs) respon-
sive to the communication frame 204. In one embodiment, the
communication frame 204 comprises a PHY preamble and
omits a MAC portion. In this embodiment, the PHY preamble
includes a group ID and a duration field that indicates a
maximum duration of UL communication frames (e.g.,
PPDUs) responsive to the communication frame 204.

Responsive to the communication frame 204, STA1 and
STA2 transmit independent data simultaneously to the AP
during the TXOP ofthe AP. For example, in an embodiment,
STA1 transmits a communication frame 208 and STA2 simul-
taneously transmits a communication frame 212. In one
embodiment, the communication frame 208 and the commu-
nication frame 212 are transmitted using different spatial
streams. In an embodiment, a duration of the communication
frame 208 and a duration of the communication frame 212 are
less than or equal to the maximum duration indicated in the
communication frame 204. Thus, in an embodiment, STA1
and STA2 generate the communication frame 208 and the
communication frame 212 to have a duration less than or
equal to the maximum duration indicated in the communica-
tion frame 204. In one embodiment, if the communication
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frame 212 is less than the maximum duration indicated in the
communication frame 204, STA2 includes padding 214 to
increase the total duration to the maximum duration. In
another embodiment, the padding 214 is omitted. In one
embodiment, both frames 212 and 208 are padded to the
maximum duration if they are shorter than the maximum
duration.

The AP generates and transmits acknowledgments (ACKs)
218 to STA1 and STA2 to acknowledge the communication
frame 208 and the communication frame 212. In another
embodiment, the AP utilizes block ACKs.

Similarly, the AP can continue generating and transmitting
communication frames that prompt STA1 and STA2 to trans-
mit independent data simultaneously to the AP during the
remaining TXOP of the AP. For example, the AP generates
and transmits a communication frame 224 that prompts STA1
and STA2 to transmit independent data simultaneously to the
AP during the TXOP of the AP. In one embodiment, STA 1
and STA 2 include updated pending data queue information in
the uplink transmissions 212 and 208. In this embodiment,
the AP utilizes the updated pending data queue information to
determine a subsequent maximum duration, and the AP
includes information indicating the maximum duration in the
next UL SDMA Sync frame 224.

Responsive to the communication frame 224, STA1 and
STA2 transmit independent data simultaneously to the AP
during the TXOP ofthe AP. For example, in an embodiment,
STA1 transmits a communication frame 228 and STA2 simul-
taneously transmits a communication frame 232. In one
embodiment, if the communication frame 232 is less than the
maximum duration indicated in the communication frame
224, STA2 includes padding 234 to increase the total duration
to the maximum duration. In another embodiment, the pad-
ding 234 is omitted.

The AP generates and transmits ACKs 238 to STA1 and
STA2 to acknowledge the communication frame 228 and the
communication frame 232. In another embodiment, the AP
utilizes block ACKs.

In an embodiment, one of STA1 and STA2 may stop trans-
mitting communication frames in the TXOP of the AP earlier
than the other ofthe STA1 and STA2. In another embodiment,
padding is utilized to ensure that STA1 and STA2 simulta-
neously transmit communication frames throughout the
TXOP of the AP.

FIG. 4B is a diagram of another example transmission
sequence 250 in a WLAN;, such as the WLAN 10 of FIG. 1,
according to another embodiment, in which an AP prompts
STA1 and STA2 to transmit independent data simultaneously
to the AP during the TXOP of the AP.

The AP generates and transmits a communication frame
254 that prompts STA1 and STA2 to transmit independent
data simultaneously to the AP during the TXOP of the AP. In
one embodiment, the AP generates and transmits a commu-
nication frame 254 that prompts STA1 and STA2 to transmit
independent data simultaneously to the AP via different spa-
tial streams. In one embodiment, the AP generates and trans-
mits an UL SDMA Sync frame 254 to prompt STA1 and
STA2 to transmit independent data simultaneously to the AP
via different spatial streams. In another embodiment, the AP
generates and transmits a communication frame that prompts
STA1 and STA2 to transmit independent data simultaneously
to the AP via different respective sets of OFDM subchannels.

In one embodiment, the communication frame 254
prompts STA1 and STA2 to transmit one or more UL SDMA
communication frames. In an embodiment, the communica-
tion frame 254 includes a duration field (e.g., an UL PPDU
duration field) that indicates a maximum duration of each UL
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communication frame (e.g., PPDU) responsive to the com-
munication frame 254. In one embodiment, the communica-
tion frame 254 comprises a PHY preamble and omits a MAC
portion. In this embodiment, the PHY preamble includes a
group ID and a duration field that indicates a maximum dura-
tion of UL communication frames (e.g., PPDUs) responsive
to the communication frame 254.

In an embodiment, the communication frame 254 includes
an indicator of a number of UL transmissions permitted in
response to the communication frame 254. In one embodi-
ment, the communication frame 254 comprises a PHY pre-
amble and omits a MAC portion. In this embodiment, the
PHY preamble includes a number of UL transmissions fields
that indicates a maximum number of UL communication
frames (e.g., PPDUs) responsive to the communication frame
254.

In another embodiment, the communication frame 254
includes scheduling information to indicate when UL com-
munication frames are to be transmitted. In an embodiment,
the scheduling information includes information indicating
when each UL communication frame is to be transmitted. In
an embodiment, the scheduling information includes infor-
mation indicating a duration of each UL communication
frame. In an embodiment, all UL communication frames have
a same duration. In another embodiment, different UL com-
munication frames can have different durations.

Responsive to the communication frame 254, STA1 and
STA2 transmit independent data simultaneously to the AP
during the TXOP ofthe AP. For example, in an embodiment,
STA1 transmits the communication frame 208 and STA2
simultaneously transmits the communication frame 212.

Also, responsive to the communication frame 254, STA1
transmits the communication frame 228 and STA2 simulta-
neously transmits the communication frame 232.

The AP generates and transmits block ACKs 258 to STA1
and STA2 to acknowledge the communication frames 208,
212, 228, and 232. In another embodiment, the AP generates
and transmits ACKs to STA1 and STA?2 that are transmitted
between UL simultaneous data transmissions.

In an embodiment, one of STA1 and STA2 may stop trans-
mitting communication frames in the TXOP of the AP earlier
than the other of the STA1 and STA. In another embodiment,
padding is utilized to ensure that STA1 and STA2 simulta-
neously transmit communication frames throughout the
TXOP of the AP.

FIG. 5A is a diagram of an example transmission sequence
300 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts a first client
station (STA1) and a second client station (STA2) to transmit
independent data simultaneously to the AP during the TXOP
of the AP. The transmission sequence 300 is similar to the
transmission sequence 200 of FIG. 4A, but illustrates ACK
transmissions by the AP, according to an embodiment, in
more detail.

In an embodiment, the AP generates and transmits an ACK
304 that acknowledges the STA1 transmission 208. The AP
also generates and transmits an ACK 308 that acknowledges
the STA2 transmission 208, 212. Additionally, the AP gener-
ates and transmits the communication frame 224 to prompt
STA1 and STA2 to transmit subsequent independent data
simultaneously to the AP during the remaining TXOP of the
AP. In an embodiment, the ACK 304, the ACK 308 and the
communication frame 224 are separated by a suitable time
period such as a short interframe space (SIFS).

In another embodiment, the AP generates and transmits the
ACK 308 and the communication frame 224 as a single
communication frame. In this embodiment, the ACK 304 and
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the combined ACK 308/communication frame 224 are sepa-
rated by a suitable time period such as a SIFS. In another
embodiment, the AP generates and transmits the ACK 304,
the ACK 308 and the communication frame 224 as a single
communication frame. In another embodiment, the AP gen-
erates and transmits the ACK 304 and the ACK 308 as a single
communication frame. In this embodiment, the combined
ACK 304/ACK 308 and the communication frame 224 are
separated by a suitable time period such as a SIFS.

FIG. 5B is a diagram of an example transmission sequence
330 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts a first client
station (STA1) and a second client station (STA2) to transmit
independent data simultaneously to the AP during the TXOP
of the AP. The transmission sequence 330 is similar to the
transmission sequence 300 of FIG. 5A, but the AP simulta-
neously transmits independent ACK information to STA1 and
STA2, according to an embodiment.

In particular, the AP generates and transmits an ACK 334
that acknowledges both the STA1 transmission 208 and the
STA2 transmission 208, 212. The ACK 334 includes an ACK
338 that acknowledges the STA1 transmission 208 transmit-
ted simultaneously with an ACK 342 that acknowledges the
STA2 transmission 212. In one embodiment, the ACK 338
and the ACK 342 are transmitted simultaneously via different
spatial streams. In another embodiment, the ACK 338 and the
ACK 342 are transmitted simultaneously via different respec-
tive sets of OFDM subchannels.

Additionally, the AP generates and transmits the commu-
nication frame 224 to prompt STA1 and STA2 to transmit
subsequent independent data simultaneously to the AP during
the remaining TXOP of the AP. In an embodiment, the ACK
334 and the communication frame 224 are separated by a
suitable time period such as a short interframe space (SIFS).
In another embodiment, the AP generates and transmits the
ACK 334 and the communication frame 224 as a single
communication frame.

Referring now to FIGS. 5A and 5B, some or all of the
ACKs 304, 308, 338, 342 can be block acknowledgments
(BAs), in some embodiments and/or scenarios, that acknowl-
edge a plurality of transmissions from STA1 or STA2.

FIG. 6 is a diagram of an example transmission sequence
400 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts a first client
station (STA1) and a second client station (STA2) to transmit
independent data simultaneously to the AP during the TXOP
of the AP. The transmission sequence 400 is similar to the
transmission sequence 200 of FIG. 4A, but illustrates
example techniques, according to an embodiment, for pro-
tecting UL transmissions in the TXOP of the AP in more
detail.

The communication frame 204 includes a duration field. In
an embodiment, the duration field is included in a MAC
header of the communication frame 204. In another embodi-
ment, a PHY header of the communication frame additionally
or alternatively includes a similar duration field. In other
scenarios, a duration field of a communication frame is set to
a value to indicate a length of the communication frame. In
the transmission sequence 400, however, the AP sets a value
of the duration field of the communication frame 204 to a
value corresponding to a remaining duration of the TXOP of
the AP. Other communication devices that receive the com-
munication frame 204 utilize the duration field to determine
that they cannot transmit during the time period indicated by
the duration field, unless given permission by the AP and/or
unless acknowledging a transmission by the AP.
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In an embodiment, each UL data communication frame
generated and transmitted by STA1 and STA2 in the TXOP of
the AP also includes a duration field (e.g., in the MAC header
and/or in the PHY header). In an embodiment, STA1 sets a
value of the duration field of the communication frame 208 to
avalue corresponding to a remaining duration of the TXOP of
the AP. Similarly, STA2 sets a value ofthe duration field of the
communication frame 212, 214 to the value corresponding to
the remaining duration of the TXOP of the AP. Other com-
munication devices that receive the communication frame
208/212/214 utilize the duration field to determine that they
cannot transmit during the time period indicated by the dura-
tion field, unless given permission by the AP and/or unless
acknowledging a transmission by the AP.

FIG. 7A is a diagram of an example transmission sequence
440 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts multiple
client stations to transmit independent data simultaneously to
the AP during the TXOP of the AP. The transmission
sequence 440 is similar to the transmission sequence 150 of
FIG. 3A, but illustrates example techniques, according to an
embodiment, for protecting UL transmissions in the TXOP of
the AP in more detail.

In an embodiment, each polling communication frame 154
includes a duration field such as discussed above with respect
to FIG. 6. In the transmission sequence 440, the AP sets a
value of the duration field of each polling communication
frame 154 to a value corresponding to a remaining duration of
the TXOP of the AP. Other communication devices that
receive a polling communication frame 154 utilize the dura-
tion field to determine that they cannot transmit during the
time period indicated by the duration field, unless given per-
mission by the AP and/or unless acknowledging a transmis-
sion by the AP.

In an embodiment, each FB communication frame 158
generated and transmitted by the multiple client stations in
the TXOP of the AP also includes a duration field such as
discussed with respect to FIG. 6. In an embodiment, each
corresponding client station sets a value of the duration field
of'the FB communication frame 158 to a value corresponding
to a remaining duration of the TXOP of the AP. Other com-
munication devices that receive a FB communication frame
158 utilize the duration field to determine that they cannot
transmit during the time period indicated by the duration
field, unless given permission by the AP and/or unless
acknowledging a transmission by the AP.

FIG. 7B is a diagram of an example transmission sequence
480 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts multiple
client stations to transmit independent data simultaneously to
the AP during the TXOP of the AP. The transmission
sequence 480 is similar to the transmission sequence 180 of
FIG. 3B, but illustrates example techniques, according to an
embodiment, for protecting UL transmissions in the TXOP of
the AP in more detail.

In an embodiment, the polling communication frame 184
includes a duration field such as discussed above with respect
to FIG. 6. In the transmission sequence 480, the AP sets a
value of the duration field of the polling communication
frame 184 to a value corresponding to a remaining duration of
the TXOP of the AP. Other communication devices that
receive the polling communication frame 184 utilize the dura-
tion field to determine that they cannot transmit during the
time period indicated by the duration field, unless given per-
mission by the AP and/or unless acknowledging a transmis-
sion by the AP.
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Similar to FIG. 7A, each corresponding client station sets a
value of the duration field of the FB communication frame
158 to a value corresponding to a remaining duration of the
TXOP of the AP.

FIG. 8 is a diagram of an example transmission sequence
500 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts multiple
client stations to transmit independent data simultaneously to
the AP during the TXOP of the AP. The transmission
sequence 500 illustrates another example technique, accord-
ing to an embodiment, for protecting UL transmissions in the
TXOP of the AP.

The AP generates and transmits a clear to send to self
(CTS-to-self) communication frame 504. The CTS-to-self
communication frame 504 includes a duration field, such as
described above with respect to FIG. 6, that indicates to client
stations to refrain transmitting during a period indicated by a
value of the duration field, unless given permission by the AP
and/or unless acknowledging a transmission by the AP. The
AP sets a value of the duration field of the CTS-to-self com-
munication frame 504 to a value corresponding to a remain-
ing duration of the TXOP of the AP. Other communication
devices that receive the CTS-to-self communication frame
504 utilize the duration field to determine that they cannot
transmit during the time period indicated by the duration
field, unless given permission by the AP and/or unless
acknowledging a transmission by the AP.

The AP transmits one or more communication frames 508
that each prompts multiple client stations to transmit inde-
pendent data simultaneously to the AP during the TXOP of
the AP such as described above. Responsive to the one or
more communication frames 508, the multiple client stations
transmit independent data simultaneously to the AP during
the TXOP of the AP. For example, in an embodiment, mul-
tiple client stations transmit one or more communication
frames 512 that include independent data transmitted by mul-
tiple client stations.

FIG. 9 is a diagram of an example transmission sequence
550 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts multiple
client stations to transmit independent data simultaneously to
the AP during the TXOP of the AP. The transmission
sequence 550 illustrates another example technique, accord-
ing to an embodiment, for protecting UL transmissions in the
TXOP of the AP.

The AP generates and transmits a request to send (RTS)
communication frame 554 to a first client station (STA1). The
AP sets a value of the duration field of the RTS communica-
tion frame 554 to a value corresponding to a remaining dura-
tion of the TXOP of the AP.

In response to the RTS communication frame 554, STA1
generates and transmits a CTS communication frame 558.
STA1 sets a value of the duration field of the CTS communi-
cation frame 558 to a value corresponding to a remaining
duration of the TXOP of the AP.

In some embodiments, the AP generates and transmits an
RTS communication frame for each of a plurality of client
stations that the AP will prompt to transmit independent data
simultaneously to the AP. The AP sets a value of the duration
field of each RTS communication frame to a value corre-
sponding to a remaining duration of the TXOP of the AP. In
these embodiments, each client station (to which the AP
transmits an RTS) generates and transmits a corresponding
CTS communication frame. Each client sets a value of the
duration field of the corresponding CTS communication
frame to a value corresponding to a remaining duration of the
TXOP of the AP.
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For example, in an embodiment, the AP generates and
transmits an RTS communication frame 562 to a second
client station (STA2). The AP sets a value of the duration field
of'the RTS communication frame 562 to a value correspond-
ing to a remaining duration of the TXOP of the AP.

In response to the RTS communication frame 562, STA2
generates and transmits a CTS communication frame 566.
STA2 sets a value of the duration field of the CTS communi-
cation frame 566 to a value corresponding to a remaining
duration of the TXOP of the AP.

The AP transmits one or more communication frames 508
that each prompts multiple client stations to transmit inde-
pendent data simultaneously to the AP during the TXOP of
the AP such as described above. Responsive to the one or
more communication frames 508, the multiple client stations
transmit independent data simultaneously to the AP during
the TXOP of the AP. For example, in an embodiment, mul-
tiple client stations transmit one or more communication
frames 512 that include independent data transmitted by mul-
tiple client stations.

In one embodiment, the AP does not generate and transmit
the communication frame 508-2. In this embodiment, the
communication frame 508-1 prompts STA1 and STA2 to
transmit both of communication frames 512-1 and 512-2.

In one embodiment, the AP transmits the RTS 562 prior to
transmitting any of the one or more communication frames
508. In this embodiment, STA2 transmits the CTS commu-
nication frame 566 prior to the AP transmitting any of the one
or more communication frames 508.

In another embodiment, the AP transmits the RTS 562 in
between different communication frames 512. In this
embodiment, STA2 transmits the CTS communication frame
566 in between different communication frames 512.

In another embodiment, the AP generates and transmits a
single RTS to all involved STAs and the STAs then generate
and transmit CTSs back to the AP one by one according to a
schedule or sequence included in the single RTS or according
to the group member sequence.

FIG. 10 is a diagram of an example transmission sequence
600 in a WLAN, such as the WLAN 10 of FIG. 1, according
to another embodiment, in which an AP prompts multiple
client stations to transmit independent data simultaneously to
the AP during the TXOP of the AP. The transmission
sequence 600 illustrates another example technique, accord-
ing to an embodiment, for protecting UL transmissions in the
TXOP of the AP.

The AP generates and transmits a request to send (RTS)
communication frame 554 to a first client station (STA1). The
AP sets a value of the duration field of the RTS communica-
tion frame 554 to a value corresponding to a remaining dura-
tion of the TXOP of the AP.

In response to the RTS communication frame 554, STA1
generates and transmits a CTS communication frame 558.
STA1 sets a value of the duration field of the CTS communi-
cation frame 558 to a value corresponding to a remaining
duration of the TXOP of the AP.

In another embodiment, the AP does not generate and
transmit the RTS communication frame 554, and STA1 does
not generate and transmit the CTS communication frame 558.

In some embodiments, the AP generates and transmits a
data communication frame for each of one or more of a
plurality of client stations that the AP will prompt to transmit
independent data simultaneously to the AP. The AP sets a
value of the duration field of each data communication frame
to avalue corresponding to a remaining duration of the TXOP
of'the AP. In these embodiments, each client station (to which
the AP transmits a data communication frame) generates and



US 9,226,294 B1

15

transmits an ACK communication frame. Each client sets a
value of the duration field of the corresponding ACK com-
munication frame to a value corresponding to a remaining
duration of the TXOP of the AP.

For example, in an embodiment, the AP generates and
transmits a data communication frame 604 to STA1. The AP
sets a value of the duration field of the data communication
frame 604 to a value corresponding to a remaining duration of
the TXOP of the AP.

In response to the data communication frame 604, STA1
generates and transmits an ACK communication frame 608.
STA1 sets a value of the duration field of the ACK commu-
nication frame 608 to a value corresponding to a remaining
duration of the TXOP of the AP.

In an embodiment, the AP generates and transmits a data
communication frame 612 to a second client station (STA2).
The AP sets a value of the duration field of the data commu-
nication frame 612 to a value corresponding to a remaining
duration of the TXOP of the AP.

In response to the data communication frame 612, STA2
generates and transmits an ACK communication frame 616.
STA2 sets a value of the duration field of the ACK commu-
nication frame 616 to a value corresponding to a remaining
duration of the TXOP of the AP.

In one embodiment, the AP does not generate and transmit
the data communication frame 612, and STA2 does not gen-
erate and transmit the ACK communication frame 616.

In another embodiment, the AP does not generate and
transmit the data communication frame 604, and STA1 does
not generate and transmit the ACK communication frame
608.

The AP transmits one or more communication frames 508
that each prompts multiple client stations to transmit inde-
pendent data simultaneously to the AP during the TXOP of
the AP such as described above. Responsive to the one or
more communication frames 508, the multiple client stations
transmit independent data simultaneously to the AP during
the TXOP of the AP. For example, in an embodiment, mul-
tiple client stations transmit one or more communication
frames 512 that include independent data transmitted by mul-
tiple client stations.

In one embodiment, the AP does not generate and transmit
the communication frame 508-%. In this embodiment, the
communication frame 508-1 prompts multiple client stations
to transmit both of communication frames 512-1 and 512-».

In one embodiment, the AP generates and transmits down-
link data to one or more STAs during a TXOP of the AP, and
if and when the downlink transmissions are completed before
the end of the TXOP, the AP can then use the remaining
TXOP to poll STAs for simultaneous uplink transmissions. In
this embodiment, when the AP conducts downlink transmis-
sions, STAs may include uplink data queue information in
response/Acknowledgment frames (such as 608, 616) so that
the AP can determine maximum duration(s) of UL SDMA
transmissions, and include indications of the maximum dura-
tion(s) in the communication frames 508, for example.

FIG. 11 is a flow diagram of an example method 700 for
prompting and receiving independent data simultaneously
transmitted by a plurality of client stations. The method 700 is
implemented by a network interface such as the network
interface 16 of the AP 14 of FIG. 1, in an embodiment. For
example, the network interface 16 is configured to implement
the method 700. In other embodiments, the method 700 is
implemented by another suitable communication device.

At block 704, the AP determines that each client station in
a plurality of client stations has respective data that is to be
transmitted to the AP. In some embodiments, the AP receives
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information indicating that each client station in the plurality
of client stations has respective data that is to be transmitted
to the AP, and the AP utilizes such information to determine
that each client station in the plurality of client stations has
respective data that is to be transmitted to the AP. In an
embodiment, the AP receives information indicating that a
client station has data that is to be transmitted to the AP via a
data frame transmitted by the client station, such as discussed
above with respect to FIG. 2. In other embodiments, the AP
transmits one or more polling communication frames to the
plurality of client devices to prompt the plurality of client
devices to transmit information indicating that the plurality of
client stations have data that is to be transmitted to the AP,
such as discussed above with respect to FIGS. 3A and 3B.

Inone embodiment, the MAC processing unit 18 and/or the
PHY processing unit implements block 704.

At block 708, a request is generated and transmitted to the
plurality of client devices. The request is for the plurality of
client stations to transmit independent data to the AP simul-
taneously during a TXOP of the AP. In some embodiments,
the request is communication frame that prompts the plurality
of client stations to transmit independent data simultaneously
to the AP during the TXOP of the AP such as described with
respect to FIGS. 4A and 4B.

In one embodiment, the MAC processing unit 18 and the
PHY processing unit 20 implement block 708. For example,
the MAC processing unit 18 populates fields in a MAC header
and/or frame body, and/or causes the PHY processing unit 20
to populate fields in a PHY preamble. As discussed above, in
some embodiments, the request indicates one or more of a
group ID that identifies the plurality of client stations, a
duration that indicates a permitted duration of simultaneous
UL transmission, a number of simultaneous UL transmis-
sions, etc.

At block 712, in response to the request of block 708, the
AP receives independent data transmitted simultaneously by
the plurality of client stations during the TXOP of the AP. In
some embodiments, the AP receives independent data trans-
mitted simultaneously by the plurality of client stations such
as described with respect to FIGS. 4A and 4B. In an embodi-
ment, the PHY processing unit 20 receives independent data
transmitted simultaneously by the plurality of client stations
during the TXOP of the AP.

In some embodiments, the AP can also seize control of a
TXOP that was obtained by a STA. For example, in one
embodiment, the AP can seize control of a TXOP of a STA if
it determines that, other than the STA that holds the TXOP,
other STAs also have pending uplink data for the AP. The AP
can seize control of a TXOP when responding to the TXOP
holder STA or acknowledging the transmission from the
TXOP holder STA, in some embodiments. Once the AP
seizes control of a TXOP of a STA, it can start polling STAs
for pending uplink data information and/or start polling mul-
tiple STAs (including the previous TXOP holder STA) for
simultaneous transmissions as if the TXOP was obtained by
the AP. For the purposes of this disclosure, a TXOP obtained
by a STA and then seized by the AP is considered a TXOP of
the AP.

Although the method 700 was described above as being
implemented by an AP, in other embodiments, a method
similar to the method 700 is implemented by another device
such as a client device. For example, in one embodiment, a
first client device prompts a plurality of second client devices
(and the AP, in some scenarios) to transmit independent data
simultaneously to the first client device.

At least some of the various blocks, operations, and tech-
niques described above may be implemented in hardware, a
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processor executing firmware and/or software instructions, or
any combination thereof. When implemented utilizing a pro-
cessor executing software or firmware instructions, the soft-
ware or firmware instructions may be stored in any computer
readable memory such as on a magnetic disk, an optical disk,
or other tangible storage medium, in a RAM or ROM or flash
memory, processor, hard disk drive, optical disk drive, tape
drive, etc. Likewise, the software or firmware instructions
may be delivered to a user or a system via any known or
desired delivery method including, for example, on a com-
puter readable disk or other transportable, tangible computer
storage mechanism or via communication media. Communi-
cation media typically embodies computer readable instruc-
tions, data structures, program modules or other data in a
modulated data signal such as a carrier wave or other transport
mechanism. The term “modulated data signal” means a signal
that has one or more of its characteristics set or changed in
such a manner as to encode information in the signal. By way
of example, and not limitation, communication media
includes wired media such as a wired network or direct-wired
connection, and wireless media such as acoustic, radio fre-
quency, infrared and other wireless media. Thus, the software
or firmware instructions may be delivered to a user or a
system via a communication channel such as a telephone line,
a DSL line, a cable television line, a fiber optics line, a
wireless communication channel, the Internet, etc. (which are
viewed as being the same as or interchangeable with provid-
ing such software via a transportable storage medium). The
software or firmware instructions may include machine read-
able instructions stored on a memory of other computer-
readable storage medium that, when executed by the proces-
sor, cause the processor to perform various acts.

When implemented in hardware, the hardware may com-
prise one or more of discrete components, an integrated cir-
cuit, an application-specific integrated circuit (ASIC), etc.

While the present invention has been described with refer-
ence to specific examples, which are intended to be illustra-
tive only and not to be limiting of the invention, changes,
additions and/or deletions may be made to the disclosed
embodiments without departing from the scope of the inven-
tion.

What is claimed is:

1. A method, comprising:

receiving, at an access point (AP) device, respective indi-
cations of respective amounts of data corresponding to a
common i) traffic category, ii) traffic stream, or iii) traffic
identifier (TID), from multiple respective client devices
among a plurality of client devices in a wireless local
area network (WLAN) to which the AP device belongs,
the respective indications of respective amounts of data
corresponding to respective data to be transmitted to the
AP device from the multiple respective client devices;

determining, at the AP device, a maximum duration of
simultaneous uplink transmissions to be transmitted
from the multiple client devices, wherein determining
the maximum duration includes using the received indi-
cations of amounts of data from the multiple client
devices;

transmitting, to the multiple client devices, a communica-
tion frame prompting the multiple client devices to
simultaneously transmit independent data correspond-
ing to the common i) traffic category, ii) traffic stream, or
iii) TID, to the AP device, wherein the communication
frame includes an indication of the maximum duration;
and
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receiving, at the AP device, respective data streams simul-

taneously transmitted, in response to the communication

frame, by the multiple client devices, wherein

the respective data streams are received at the AP device
prior to the AP device transmitting any media access
control data to the multiple client devices after the AP
device transmits the communication frame,

the respective data streams do not exceed the maximum
duration,

the respective data streams are received via i) respective
spatial streams, or ii) respective sets of orthogonal
frequency division multiplexing (OFDM) subchan-
nels, and

the respective data streams correspond to independent
data from the multiple clients, the independent data
corresponding to the common 1) traffic category, ii)
traffic stream, or iii) TID.

2. The method of claim 1, further comprising:

determining, at the AP device, that a first client device of

the plurality of client devices does not have data to be
transmitted to the AP device;

in response to determining that the first client device does

not have data to be transmitted to the AP device, seizing,
with the AP device, control of a transmit opportunity
period of the first client device, the transmit opportunity
period of the first client device being a time period in
which a wireless communication medium was reserved
for the first client device according to a WL AN protocol;
and

the AP device using the seized transmit opportunity period

in connection with the multiple client devices simulta-
neously transmitting independent data.

3. The method of claim 1, wherein the communication
frame is transmitted and the respective data streams are
received during a transmit opportunity period of the AP
device, the transmit opportunity period of the AP device being
a time period in which a wireless communication medium is
reserved for the AP device according to a WL AN protocol.

4. The method of claim 1, wherein:

the received indications of amounts of data from the mul-

tiple client devices are first received indications;

the common 1) traffic category, ii) traffic stream, or iii) TID

is a first common i) traffic category, ii) traffic stream, or
iii) TID;
the method further comprises
receiving, at the AP device, one or more second respec-
tive indications of respective amounts of data corre-
sponding to a second common 1) traffic category, ii)
traffic stream, or iii) TID, from one or more respective
client devices among the plurality of client devices,
the second respective indications of respective
amounts of data corresponding to respective data to be
transmitted to the AP device from the one or more
respective client devices;

the communication frame also prompts the one or more

client devices to simultaneously transmit independent

data corresponding to the second common i) traffic cat-

egory, ii) traffic stream, or iii) TID, to the AP device; and

the method further comprises

receiving, at the AP device, one or more respective fur-
ther data streams simultaneously transmitted, in
response to the communication frame, by the one or
more client devices, wherein

the one or more respective further data streams do not
exceed the maximum duration,

the one or more respective further data streams are
received at the AP device prior to the AP device trans-
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mitting any media access control data to the multiple
client devices after the AP device transmits the com-
munication frame,
the one or more respective further data streams are
received viai) respective spatial streams, or ii) respec-
tive sets of OFDM subchannels, and
the one or more respective further data streams corre-
spond to independent data from the one or more cli-
ents, the independent data corresponding to the sec-
ond common 1) traffic category, ii) traffic stream, or
iii) TID.
5. The method of claim 1, wherein:
each received indication of the respective amount of data
corresponds to a respective amount of data in a respec-
tive queue at the respective client device; and
the respective queue at the respective client device is for
storing data corresponding to the common i) traffic cat-
egory, ii) traffic stream, or iii) TID.
6. The method of claim 1, wherein:
the respective indications of respective amounts of data
correspond to a common TID, the TID being defined by
the IEEE 802.11e Standard.
7. The method of claim 6, wherein:
the respective indications of respective amounts of data
correspond to respective amounts of data in respective
queues at the respective client devices; and
each queue corresponds to the common TID.
8. The method of claim 1, wherein:
the respective indications of respective amounts of data are
received in the respective data units transmitted to the
AP device by the multiple respective client devices.
9. The method of claim 1, further comprising:
transmitting, with the AP device, respective polling com-
munication frames to the multiple respective client
devices to prompt the multiple client devices to transmit
the respective indications of the respective amounts of
data;
wherein the respective indications of respective amounts of
data are transmitted by the multiple respective client
devices in response to the polling communication
frames.
10. The method of claim 1, further comprising:
transmitting, with the AP device, a single polling commu-
nication frame to the multiple respective client devices
to prompt the multiple client devices to transmit the
respective indications of the respective amounts of data;
wherein the respective indications of respective amounts of
data are transmitted by the multiple respective client
devices in response to the single polling communication
frame.
11. An access point (AP) device, comprising:
a wireless network interface device having one or more
integrated circuits configured to
receive respective indications of respective amounts of
data corresponding to a common 1) traffic category, ii)
traffic stream, or iii) traffic identifier (TID), from mul-
tiple respective client devices among a plurality of
client devices in a wireless local area network
(WLAN) to which the AP device belongs, the respec-
tive indications of respective amounts of data corre-
sponding to respective data to be transmitted to the AP
device from the multiple respective client devices,
determine a maximum duration of simultaneous uplink
transmissions to be transmitted from the multiple cli-
ent devices, wherein determining the maximum dura-
tion includes using the received indications of
amounts of data from the multiple client devices,
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transmit, to the multiple client devices, a communica-

tion frame prompting the multiple client devices to

simultaneously transmit independent data corre-

sponding to the common 1) traffic category, ii) traffic

stream, or iii) TID, to the AP device, wherein the

communication frame includes an indication of the

maximum duration, and

receive respective data streams simultaneously transmit-

ted, in response to the communication frame, by the

multiple client devices, wherein

the respective data streams are received at the AP
device prior to the AP device transmitting any
media access control data to the multiple client
devices after the AP device transmits the commu-
nication frame,

the respective data streams do not exceed the maxi-
mum duration,

the respective data streams are received via 1) respec-
tive spatial streams, or ii) respective sets of
orthogonal frequency division multiplexing
(OFDM) subchannels, and

the respective data streams correspond to independent
data from the multiple clients, the independent data
corresponding to the common 1) traffic category, ii)
traffic stream, or iii) TID.

12. The AP device of claim 11, wherein the one or more
integrated circuits are further configured to:

determine that a first client device of the plurality of client

devices does not have data to be transmitted to the AP
device;

in response to determining that the first client device does

not have data to be transmitted to the AP device, seize
control of a transmit opportunity period of the first client
device, the transmit opportunity period of the first client
device being a time period in which a wireless commu-
nication medium was reserved for the first client device
according to a WLAN protocol; and

use the seized transmit opportunity period in connection

with the multiple client devices simultaneously trans-
mitting independent data.

13. The AP device of claim 11, wherein the one or more
integrated circuits are configured to transmit the communi-
cation frame and receive the respective data streams during a
transmit opportunity period of the AP device, the transmit
opportunity period of the AP device being a time period in
which a wireless communication medium is reserved for the
AP device according to a WLAN protocol.

14. The AP device of claim 11, wherein:

the received indications of amounts of data from the mul-

tiple client devices are first received indications;

the common 1) traffic category, ii) traffic stream, or iii) TID

is a first common i) traffic category, ii) traffic stream, or
iii) TID;
the one or more integrated circuits are further configured to
receive one or more second respective indications of
respective amounts of data corresponding to a second
common 1) traffic category, ii) traffic stream, or iii)
TID, from one or more respective client devices
among the plurality of client devices, the second
respective indications of respective amounts of data
corresponding to respective data to be transmitted to
the AP device from the one or more respective client
devices;
the communication frame also prompts the one or more
client devices to simultaneously transmit independent
data corresponding to the second common i) traffic cat-
egory, ii) traffic stream, or iii) TID, to the AP device;
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the one or more integrated circuits are further configured to

receiving one or more respective further data streams
simultaneously transmitted, in response to the com-
munication frame, by the one or more client devices;

the one or more respective further data streams do not
exceed the maximum duration;

the one or more respective further data streams are received
at the AP device prior to the AP device transmitting any
media access control data to the multiple client devices
after the AP device transmits the communication frame;

the one or more respective further data streams are received
via 1) respective spatial streams, or ii) respective sets of
OFDM subchannels; and

the one or more respective further data streams correspond
to independent data from the one or more clients, the
independent data corresponding to the second common
1) traffic category, ii) traffic stream, or iii) TID.

15. The AP device of claim 11, wherein:

each received indication of the respective amount of data
corresponds to a respective amount of data in a respec-
tive queue at the respective client device; and

the respective queue at the respective client device is for
storing data corresponding to the common i) traffic cat-
egory, ii) traffic stream, or iii) TID.

16. The AP device of claim 11, wherein:

the respective indications of respective amounts of data
correspond to a common TID, the TID being defined by
the IEEE 802.11e Standard.
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17. The AP device of claim 16, wherein:

the respective indications of respective amounts of data
correspond to respective amounts of data in respective
queues at the respective client devices; and

each queue corresponds to the common TID.

18. The AP device of claim 11, wherein:

the respective indications of respective amounts of data are
received in the respective data units transmitted to the
AP device by the multiple respective client devices.

19. The AP device of claim 11, wherein the one or more

integrated circuits are further configured to:

transmit respective polling communication frames to the
multiple respective client devices to prompt the multiple
client devices to transmit the respective indications of
the respective amounts of data;

wherein the respective indications of respective amounts of
data are transmitted by the multiple respective client
devices in response to the polling communication
frames.

20. The AP device of claim 11, wherein the one or more

integrated circuits are further configured to:

transmit a single polling communication frame to the mul-
tiple respective client devices to prompt the multiple
client devices to transmit the respective indications of
the respective amounts of data;

wherein the respective indications of respective amounts of
data are transmitted by the multiple respective client
devices in response to the single polling communication
frame.



